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| NTERLAYERS COVPRI SI NG STABI LI ZED TUNGSTEN OXI DE
ACGENTS FI ELD OF THE I NVENTI ON The present invention is

w0 poovkzoshé el d of nultiple |ayer gl azing panel PCT/US2008/071527

interlayers and, nore specifically, the present
invention is in the field of multiple |ayer glazing
panel interlayers conprising stabilized tungsten oxide

ConhTPs CASERS HORmed i SA R D WNGRIPA Q3 ape acents

that can be used as interlayers in light-transmtting
| am nates such as safety glass or polyneric | am nates.
Safety gl ass often rEﬁ%ﬁ%OFGTﬂiﬂﬁHE§ﬁ$@§ht | ami nat e

conpr icize ral). :

ot or 1o B B BRlor 52T sy b Ot f iging gane imertayers
aad, elote 9 e%ﬁfﬁ:aﬂ?r]ttﬁ@ pleSert 98@ntion RIiN hedRel@ of MANFNATOAL glazing panel
barrier in architectural and autonotive openings. Its
HeTHRYEiSIFemPHRINE Stabdized sBiepted gEidg\ageitich as t hat caused

by a blow from an object, w thout allow ng penetration

t hrough the opening or the dispersion of shards of

gl ass, thus nininizing d8majeGROUNIDuUry to the objects

or persons wt an encl osed area. Safety glass al so

can bEO]déVé’élyltbél%i‘%W\ﬂ%) BtoREMnEnRteddn e r@'f“’f qtwre of pelymer
?a%elts%ﬁtcﬁl?ﬂé'%e% RGAET n)’e?s ﬁl‘ﬂgﬁ? traﬁﬁﬁﬂﬁ% IEMHQEE%” sB@¢n As@afety glass
[ i g ht transm ssi on, hance th appear ance and
aegtlpetiiclaappeed. Sﬁfetwgmmmft@pefﬂm gpsa trimperchelpeimtoédnprising a
rise, ition ta thejr meri ¢ conponent.,

SR o Rire BNt & Hispg B HR S S OB Pty Satety

ERG @tdnal ugéa&b tp!r&n&e{ AnaiiphileftbdrR&OH ARcHiB&ufal BhENREmotive

gl azi ng produc Those agents, however, often are

oprRstings| &ts il Smstom isde sbyab Feeray.fsach ss that <a1u$qdrmsahblew from an

art. are i n

?%a%t \gltﬁo Wﬁ n.wfn&peaetrﬁlondthrou flr}le odae{nrr]lgtor (t]he A §pa ﬁléén 5fshards of

narraners

ey ks alﬁlﬁlrﬁﬁzﬁl@dﬁnﬁgé B @ijir¢ o Wetdd@dts dripachd Wthdtd&hclosed area.

characteristics of the o
Safety glass also can be used to provide other beneficial effects, such as to attenuate

acoustic noise, reduce UV and/or IR light transmission, and/or enhance the appearance
and aesthetic appeal of window openings.

Interlayers often comprise, in addition to their polymeric component, various
agents that function to alter the spectrum of radiation that is transmitted through the
finished glazing product. Those agents, however, often are unstable or cause undesirable
effects in a finished laminate.

What are needed in the art are interlayers that are formulated in a manner so that
desirable agents are stably maintained without impacting other characteristics of the

polymer interlayer.

SUMMARY OF THE INVENTION
The present invention includes polymer interlayers that are used in multiple layer
glazing panels. Interlayers of the present invention comprise a thermoplastic polymer, a

plasticizer, a tungsten oxide agent, and a stabilizing agent that prevents the degradation of
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polymer interlayer. SUMVARY OF THE | NVENTI ON The
present invention includes polyner interlayers that

W@e@Inzsdo i n mul tiple |layer glazing panels. | ne&r/Usa0es/e71527

of the present invention conprise a thernoplastic

pol ynmer, a plasticizer, a tungsten oxi de agent, and a

stabilizing agent that prevents the degradation ofthe
ungsten oxide agent. Interlayers incorporating such

BT e s Bt ot Bectel T Gront e gproved

Gk R Gloht BIDEkiIAL SirAEENARI AsPRhin€ah o?ﬂi@h b MitPY¥@dr time.

time. DETAI LED DESCRI PTI ON The present invention is

directed to the stabilized use of a tungsten oxide

agent in polymer |ay , either

singly or in stacks gﬁf%%ﬁ?ﬁbﬁggggﬁgﬁgﬁglayers, as

mul t i Phe&plesatlinv@haan Ralitebic@td t8EaDilizA8 ubksefth igp@émoxide agent in

"mul tiple layer glazing inter|layer" neans a

Polyeer syers thiigen Bansaecithsedingly of igplagksy q&f&gplﬁ@ob@e@s layers, as
ﬁmﬂﬁﬂgﬂgﬁggégﬁ%Hﬁg£%g§anple, two panes of glass with

an Inte erebetween. Interlayers can consist of

a si ngkas@bieyemra {'ayleiplednyangldzingl iateklayat sneansvii m&dtlayer that can
@ azing panel s can be used, for exanple, in autonotive .

0P ReFSHI @ jetpeng iV HIRCRPHedRAN A1) [a¥EB ploF BT R)frs WO RgNessof glass with an

it S EyeS@reBEHRER IifelayPRThE ot 48 2 3BGIM po¥fer@ayer or multiple
stabilizing agent are”incorporated in pol ynmer layers

talyarts cambingd e {ildzims panetsanah by @sel, foraxampld, ayartemoiitenwmdshields
inter]. rs - for.use in nmultiple |layer glazing pane
QﬁL@F@%%ﬁH%é@pggnﬁPﬁl be described in detail below,

pol YRk i @YabsedMerdih thh BESxiddWRA 4 Ga1iSAEREINS Bre

any sui tabl e thernoplastic polyner, and, in preferred

Bebieratechingol yinery aers thalare asefahgsrinsdayss y v pnlpyers within

Hllflfgr}/ar éarls)—' o? %ey i{qengulligl%%ﬁ:r %%zfnge aH%leaigﬂct:atiloﬂé{ ent WM be described in
I Neorporate’d tungst enoxrdé  agen an 1 nfrared

a&si0 béloRg palg Rt layéystof figsiresenoXivelai gantcom@risdgny suitable
‘(cjhlef’negglgs%ccj: plo?yngerr, z?nrli, ?nngre?e?r%d Cf):;nbodiments, polymer layers comprise
poly(vinyl butyral).

Polymer layers of the present invention incorporate a tungsten oxide agent as an
infrared absorbing agent. A tungsten oxide agent can be dispersed in or on any one or
more polymer layers of an interlayer. A tungsten oxide agent can be mixed directly into
or disposed directly on a polymer layer by any suitable method as is known in the art, for
example, but not limited to, addition during manufacture of an individual layer or
dipping, spraying, or other topical treatment after manufacture.

In various embodiments, the tungsten oxide agent is incorporated directly into the
bulk of a polymer prior to formation of a polymer layer. In these embodiments, a
tungsten oxide agent can be incorporated into the polymer so as to provide a polymer
layer having a weight percentage amount of tungsten oxide agent of less than 1.0%,

0.8%, 0.6%, or 0.4%, or 0.01% to 1.0%, 0.05% to 0.5%, or 0.1% to 0.3%. In a preferred

embodiment, tungsten oxide agent pigment is incorporated into the bulk of a polymer
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nore polyner layers of an interlayer. A tungsten oxide
agent can be mxed directly into or disposed directly

w00/ 0pshe/mer | ayer by any suitable nethod as PGI/KS29081071527

in the art, for exanple, but not [imted to, addition
during manufacture of an individual |ayer or dipping,
spraying, or other topical treatnment after
nufacture. |.n various enbodi nent
BP0 SGERES sreBeiE S dhor e ndiniais o oY abYRE B glbesf i
thcRRILY X siREleQ: id Auft1epsly@Bri®fayarspol yner |ayer. In
these enbodinments, a tungSten oxi de agent can be
i ncor pogeacesd 4 tntlgﬁtftrr@ﬂ@@ehgmévvllkbe msomrq@frdomm@dépr disposed on a
E&H}ﬁ {fa Ieral er gtﬂlg)\{lléln o(f‘lelil A9 gc 1 e t%e }%%dn untﬁbs&g[gtlon effect.
Bs 4&%1 be rapﬂe@i&ﬂéﬂtb@ tAod8%f sKil1Qh Yaet 2@t @115 Yot vill W4, depending on the
0.3% In a preferred enbodi nent, tungsten oxi de agent
pibgheamRPnsnts aad Pisarcatedn VA on st RbAglingNtefa single polymeric layer will
Y,
?%lgesﬂﬁi&%}é ?ﬁn{gs el ¢ O?{gz aggrft t&§ g%g/gftltrfﬁg {rlﬁ%sgppsg&l {hllaﬁéhael@qayer of at
BaiangIIO% @)%, 8098, D5 9op be9$%loy indrare ladip€ios in the 8g@ nemdaheterato 2500

n sten oxide w |l be rated i nto and/ or
SR & B@% yhé?% ofyetr ip arﬁﬁ ﬁﬁaﬁka tSYFi cient to
ac hi eyeolibeodeRirhed visiiE ﬁélﬁ@cﬁ&?fﬂ% Qﬁéz%?th%ftﬁl?g%gen d%?de agents can

wi |l be appreciated by those of In the art,
bertzanthanil 50 nmmn}@terd,dpﬁrthlatmg)(hmnbhetem loe tes tap 66 euancsmeters

and p vari ous a single . .
ol y P FET g e e e TGS - D irg SR Bigsep invention
A6fpordt©a RlaBilie B th hAIVe AT SI51u® BolbN it tHe§ ol A& Nawk d
S e R T i
pEitg at‘fecéﬁOE the tuesBOOXifsraerit & varigup @@go@gﬁgmé}m present

range 0% t0 95% infrared |
}ngﬁg 1on, fl %ec e hatvmgﬁl ﬁenr%]ot?lgzgllle STPYP, 2 ImuhIl] lesné g%etal sgl‘i such as

(ﬂagm)urﬁ ba(zt emg&hqmatsy bdsotagmh&‘»o@amdaﬁntoetﬁs pbliyamr lla@'@r along
nanoneters, |less than 100 nanoneters, or |ess than 50
Withdhfeagsen pxdaaghnti on to t he tungsten oxi de agent,

I ! t
pol ymar LY AL fiaflhe b BEn AN ESOM ggb@;?’ &N Beolﬁcérﬂ %Ifepﬁﬁl nﬁtlﬂteable

stabil'izing agent 880 prevent ue color's
pabyireand, &yﬁnodsl embodlagnmga efoﬂ@olesha@fngtd’i&:ntmgsdle group is

gl)c(:lorcll)%ratgde 0. Og to lv(? phr or 0 2 to 0 O§l pﬂe oqecuﬁehhavmrgeas ‘t?eqltzotrlazole
group can be incorporated in any suitable manner, for example, through direct mixing
with a polymer melt. Molecules having a benzotriazole group are available
commercially, for example, as Tinuvin 326° and Tinuvin 328® (Ciba Specialty
Chemicals, Basel, Switzerland).

As used herein, a “molecule having a benzotriazole group” means a molecule

having the following group within its structure:

Formula I — benzotriazole:
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i nvention, a nolecule having a benzotriazol e group, a
mul tival ent netal salt such as nagnesi um

whe@oamsvhyl but yrate), or both are incorporat eRCI/E$2908/071527

the polyner |ayer along with the tungsten oxi de agent.
A nol ecul e having a benzotri azol e group can be

i ncorporated in any suitable anmount, and, in various
enbodi ments, a nol ecul e having a beﬂzotrlazole group
IS |ncorporated at 0.05 texd.0 phr Qr 0.2 to 0.8 phr.
A nol ecul e havi ng a ber ) e—grQup can be

i ncorporated in any si or exanpl e,

through direct mxing|with a pnlyneiézﬁlt. Mol ecul es

havi ng a benzotri azolg group afne avaifabl e

commercially, for exanmpke, 2 326(r) and
Tinuvin 328(r) (C ba Spec™dlty Chenlcals Base
Switzerland). As used herein, a "ol ecul e having a
benzotri azol e group” nmeans a nol ecul e having the

fol | opk fiEpI9% BEROWCLIBI 'hﬁvﬂn%% b%hid%ﬁ&i{')‘leegroﬁﬁ EHRhR Useful with the
benzotrlazole Exanpl es of nol ecul e having a
b@ﬁzmmnwaZ@iemgﬂouwuhmabnameomsefuI with the present
invention include, without limtation: Fornmula II
Tinuvin 328 : and, Forrmula 111, Tinuvin 326A
ooty 8l eituviE3®®: salt such as magnesi um

bi s(2-ethyl butyrate) can be incorporated in any
suitabl e anobunt as well, and, in vgeious efibodi ts,

Is incorporated at 0.009% t 0. 1% %to 0.075%
The nmultivalent nmetal salt ca [ [
sui t abl e manner, for exanple,

rough Airest, m xing
mSalts %éh be

enbodi nentfs both a|nol e
\

?yYe hay\ng a pehzotri azol e
group and 3

HsC

and,

Formula III, Tinuvin 326%:

CHs

H5C
HO
CHs

///’N\\
~/

Cl
CHs
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mul tival ent netal salt, such as magnesi um
bi s(2-ethyl butyrate), are incorporated into a pol yner

WO 2000/02800pr i Si ng a tungsten oxi de agent. | n VBECT/U08/071527

enbodi nents of the present invention, a tungsten oxide
agent is disposed in a polyner layer that is
incorporated in an interlayer. In these enbodi nents

the interl.ayer can c rise only. the singl ol yrer

| ayer AdruLANEhR G PR & gmaRrelfuPe BEE R brg
{RerpReltddBran a4 RAble HABGH ABRRYSadd) inWdrfohs BrbbdiRlefts) RYfEorporated
interlayers are used include those that are known in

2tHB0RA% to Buhp, ionB108deto OF W5 % x Binpinal tevalgnivinetabsalt can be incorporated
limtatiqgn, interlayers having two or.nor ol yner
e Dttt er s R Ay H riankolgh I ERpEiapgy. Oer
angndsiing Ed18Yah e Ngad, B, O @ardius RBIHBdPMENYIT@AY biddBleSmultivalent

| am nat ed together with one or nore polyner fil s,

meta¢ palyFan begiedescri bed in detail below. In any of

Lrese 1 ahRoLaRO S enkiB] HRGREGR 1S, BAZOREALLRED 1nda

di sposed I'n any one or nore of the polyner Faye?s, and
tridtivademt oesl kay euch sanagmesitiimebis@rsehydbutghiate) etre itcorporated into a
Exenplfr nultjple | ayer interlayer constructs include
PAYTEL BT HRE 50t PREYCN Ayt §97 pol yrrer | ayer / pol yner

fi 1 ROl MG emmBY@MeRts M8 EpBsenf inbehionl 9 t@tenioRide agent is
vari ous enbodinments, is less than 5, and pis 1 to’5,
dinplosed m ¥ apliyowes layabihdi iservosporated iregsintdilager3.In these embodiments

RSB EYEe BRO TR Y T el e Ay Cep gl laver
infertagb nSpraodt ABRLR: 136€ ERNBOIiRRhALS ‘izh%trﬂ@lﬁ?letlﬂ%r
S

| ayers of gl ass. l'ications for such construc

intlayes azessAvilide thpiedbatiat kovamin the efii anddnelpdg, for example and
gf'itﬁ%l?t’ l%ﬁi%%{(])% %Ee?ﬁgfgr.‘s h%l\rflm?gf Wb g rsno?enboq?rlngre lggfesrs ?afmitnzlﬂgd together to
present invenhtron; interrayers conprfsing’a tungsten

formdesingle idteddyer, W e Ghteilayletd layaicSoneAS nitie @olyaieeiadyersdaminated
‘E)i glegl)ére \Evit{l %ng orrrrlillloﬁei I?ollgmlzragl%{s, which will be described in detail below. In any
of these embodiments, the tungsten oxide agent can be disposed in any one or more of the
polymer layers, and the various layers can be the same or different.

Exemplary multiple layer interlayer constructs include the following:

(polymer layer),
(polymer layer/polymer film/polymer layer),

where n is 1 to 10 and, in various embodiments, is less than 5, and p is 1 to 5, and,
in various embodiments, is less than 3.

Interlayers of the present invention can be incorporated into multiple layer glazing
panels, and, in various embodiments, are incorporated between two layers of glass.
Applications for such constructs include automobile windshields and architectural glass,
among others.

In various embodiments of the present invention, interlayers comprising a

tungsten oxide agent are used in bilayers. As used herein, a bilayer is a multiple layer

construct having a rigid substrate, such as glass or acrylic, with an interlayer disposed
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construct having a rigid substrate, such as gl ass or
acrylic, wwth an interlayer disposedthereon. A typica

whrioapzisoconstruct is: (glass)// (polymer | ayePCT/US2008/071527

)/ /(polymer filnm). Bilayer constructs include, for
exanpl e and without limtation: (glass)//((polymner
llayer) h//(polymer film) g (glass)//(polymer |ayer)

/| ( pol r L where h is 1 0 nd,  in var i
Histso o pice] WldThbe et s Cuasial Gon@er ThENHSLES T, Bilayer
Ystoss iRiRRIforeRAEplelafid We@dut INANatbn: 11 n furt her
enbodi nent, |nterlayers as just described can be added

to one side of dehadt/((pelemealpaen)gl(pelymgr filmad to act
as a spall shiel 8 t ho |n1tation:
(it pre Layer casTlGSIAREISEPL BEbiRe by er

h// ( pahywerisflitb M) ard, {iMdlroupbbbdients@ R24 tgn 3, and g is 1 to 5, and,
paneJ)//(gonner Iayer% h// (pol ymer film where his 1
thovarous gmaodimentaisileisshadmbodi ments is 1 ess than 3, and

0 S el B Oy TIPS e 998 {10 scors

prugiean Iayémg/leﬁhg pinel ncdadea Eﬁlﬂ)lsﬁleddgsf()f d:)btﬁlj)lebglnd whout hmltatlon.
gener al mhere s, tun Qis .

oxygen, <¥§1&ﬁqﬁi? %wv%%a@&% P@‘E‘é) polymsy Wg)z”(@glw film)),

2. 45<Z/yﬁ%uﬁ%ﬂeEyﬂﬁ@ﬁaﬁﬁgbhﬁbﬁﬁxﬁﬁn&QQﬁg «&%b%&ﬁgﬁ&ﬁn

oxi de expressed by the general fornmul

i s anwbkrereintl tséDeandem Yarions Hnbtbdhmealsmless et 3) snd gis 1 to 5, and,
al kal i ne- qu FE ? e € earth netals, My, Zr, O

fhvarieus efodipgnisgyg fessghang. © py oy cu, Ag, Au, zn,
CdAIGaInTISIGe,Sn,PbSbBFPS,

Se, Br, Te, Ti, No, V, Mo, Ta, Re, Wis tungsten, Ois
WE&&XI@@M@I@S@ x/yI Oor O 0x/y0 5, and

2. 0<zty<3, 0, 2<z/ < or
of t ulrl;én séerrlllog)l(de aegrf]:néé Itlbesprlesrﬁ:(r:l‘f 1n&er£15[10n 1 ?llou? oseE&eisE:?bedsby the
YWesal ?&Iﬂmm@z, VRGOS is (WBAEn, Ok 64denVE BB iSg 2. 8rE/ykBe,
[ike. In preferred enbodiments, the tungsten oxide

aé§ﬁ/5’<12 89, or 2. 45<z/y<2 99, and/or particles of composite tungsten oxide expressed
by the general formula M,;W,0, where M is an element selected from H, He, alkali
metals, alkaline-earth metals, rare-earth metals, Mg, Zr, Cr, Mn, Fe, Ru, Co, Rh, Ir, Ni,
Pd, Pt, Cu, Ag, Au, Zn, Cd, Al, Ga, In, T1, Si, Ge, Sn, Pb, Sb, B, F, P, S, Se, Br, Te, Ti,
Nb, V, Mo, Ta, Re, W is tungsten, O is oxygen, satisfying 0.001<x/y<1.0 or
0.01<x/y<0.5, and 2.0<z/y<3.0, 2.2<z/y<2.99, or 2.45<z/y<2.99. Examples of
tungsten/oxygen ratios include, without limitation, WO2.92, WO2.90, W200s53, W24Oss,
W17047, W15049, and the like. In preferred embodiments, the tungsten oxide agent is
cesium tungsten oxide (CsWOQs) having any of the above described characteristics, and,

in various embodiments, a cesium tungsten oxide agent having the mole ratio Cs33WOs3

is used.

POLYMER FILM
As used herein, a “polymer film” means a relatively thin and rigid polymer layer

that functions as a performance enhancing layer. Polymer films differ from polymer
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cesi umtungsten oxide (CsWD ) having any of the above
descri bed characteristics, and, in various

weeriodasent s, a cesium tungsten oxi de agent haRCTyS100&071527

nole ratio CsO33WB is used. POLYMER FI LM As used
herein, a "polynmer film neans a relatively thin and
rigid polynmer |ayer that functions as a performance

Baro ey iy R i AT e T acl ot HRimst 8l brmiderthy prcessary
fenchation REREALY 85I @a@%@ﬁu&mop&ﬁ@%ad MuRBRShy@tdlHng structure,
resi st ance and gl ass retenti on pr Opertl es to a

bl reihpt provisly @erfginaatica gmprovewents.sclat infratedeabserpbon denracter.
I RNCE, nent s such.as _infrar a orptlon
R R R S R TR

conmoni Varid}‘&@ dm@ﬁdﬁheﬁ& Mﬁ%l}frﬂldrrﬁlml 1Byer &b ®tickness of 0.013 mm to
enbodi nents, the filmlayer has a thickness of
gﬁf}m i o

628 ramnpretesitly 992 bR 0.0 92060 The Rolier Bhm layer
g gptfo a &966 SJH:ch y@ﬁe@ 8} é’dg'?e(rﬁi tr) 1 PHV@%%E of: ﬁl%reg}?‘%h%ﬂgg Isﬁ{ch as

treated or coate rove one
pdlepien tor fraralialiagsn adleesom nTlGH‘se lfllirfctlanzﬂqberfaﬂnaitce tayers include,

refl ectjon se functio erfornan e
foserergele. 3 Bwltégg{ﬁ{ﬁt%ck fIg fF&%ﬁl 19 lél aredsp Radfl%lron and transmitting

(fﬁfb’l@eﬁéﬂt Rheh '@:&f)@sreggo SRNiht. MR Al ﬂly@inéilactkr 1§‘E§(5'Qzﬁ td 8 art (see, for
visibl® 't ght When expoSed to sunli ght

endnpple,| W(Pes8/61230knd &J. K ritwant ¥y 90 S partd C(aseemph@er, for example one

I 88({012 Pat ent 799,
Ao RoShroas thigh masl s irolpwegr ke Horngetiomedbhauaptially
a8iodlted, @ﬁﬁ&ﬁly%gp&ﬁltﬁlgcﬁlel@@th@ 14feld. RXRMMoKnbWA) (see, for example,
se uenti al I¥7de posi t ed, gtlcalg% cooperatin
a

BIPatmis 601 a5 and 44286, 2530 o mRHbIm e Pseay opt%mauy be electrically

e . ents 4.017..661 .and_ 4. 786
ﬁ:é%sg%%c? Iéﬁ)t/ag?d(%bf dgftrostln oF gfr:]fg gmg 82 any ass?mated Ig? Q Iayers

resi SIA@@G&ltlbﬁ@lH?ﬂB (ﬁpr’olﬂﬁéﬂ fost ﬂhﬁl@:aﬂrbed@éd)@gh g }ﬁES@@ﬂMVCntion
associ ated gl ass |l ayers. An additi onal ge of po

e it Aescribethingé SuB¥ant g 19 - 1%e cpppisen s ni“H wde péﬁonmetalhc layers
mﬁ.{ﬂtcfl g)eréﬁ ét ki’rﬁgarécpralufaﬁon B&ﬂ{h%m cr@ﬂ?n%th%%@renE@{m{ ¢a&R caused

nonmnet a l'ayers t unction to
befdeedlic lapémsar ed radi ation w thout creating

I nter Il"ﬁe po gfrene} Pl?t acygp 1rk1J gon%a gnslgodlments is optically transparent (i.e.
objects adjacent one side of the layer can be comfortably seen by the eye of a particular
observer looking through the layer from the other side), and usually has a greater, in
some embodiments significantly greater, tensile modulus regardless of composition than
that of any adjacent polymer layer. In various embodiments, the polymer film layer
comprises a thermoplastic material. Among thermoplastic materials having suitable
properties are nylons, polyurethanes, acrylics, polycarbonates, polyolefins such as
polypropylene, cellulose acetates and triacetates, vinyl chloride polymers and
copolymers, and the like. In various embodiments, the polymer film layer comprises
materials such as re-stretched thermoplastic films having the noted properties, which
include polyesters, for example poly(ethylene terephthalate) and poly(ethylene
terephthalate) glycol (PETG). In various embodiments, poly(ethylene terephthalate) is
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by metallic layers. The polynmer filmlayer, in sone
enbodi nents, is optically transparent (i.e. objects

w@eoaozsve one si de of the |ayer can be conf ort BGI/YSHeLT1527

by the eye of a particul ar observer | ooking through
the layer fromthe other side), and usually has a
greater, in sone enbodi nents significantly greater,

t %‘Si%{iﬁf é{%ng%‘tjol“g%?’&ﬁ&mm s pOiyrqetgglré tfgepglﬂﬁﬁjadt%ﬂjélﬁ?gen biaxially

ttrgctealty MBprobve kifddgay @hd ARIch 88t stabilRHA®ProARdel 16w shrinkage
material. Anong thernoplastic materials having

gmﬂr@camsgcwbgemh]@éedatp@lmwd tenpyaiugasieghlasretban 2% shrinkage in
vl i CS rbonat | yol efi ns such as

dﬂFgﬁhpéﬁgyﬁﬁn?Tn osenggtates and triacet at es,

Vi nyI Vahb@y dodeinP ey slfase &Bﬁn@ﬁp@bmﬁ@res fo@lﬂy(%ﬂ@ldnb k&ephthalate)
I.n various enbodi nents, the palyner filmlayer
bRt sesbaraied VIR the BrspNt ARVENEOR fuieéil%:ﬂ@sd {hitbkispedigyrppean

%gkﬁ&tlgﬁﬁ%on 9 % % '}r‘f% g)r(] g’%n‘gfldnee? Elgxpg %ethﬁi)fres\éﬁt' 1ﬁbeﬂt1%ﬁlt Elg?lg (t) ié}dudf: a

esters ene tere
andcq@ohyd/et ind aridod layapid frakade) igihgaal  ( PETG) . In
vari ous enbodi ments, poly(ethylene terephthal ate)
I sused, and, in various enbodi nents, the poly(ethylene

pei sMitRal f¢er has been biaxially stretched to inprove
strength, and has been heat stabilized to provide | ow

shri nkhgblibhangsicarn descobesthe marsausjreaeraads tsoclezhsqmdiy(ethyl butyral),

BETERCFLARTT AP i B g

@ﬂde%%ﬁﬁ@@s%nbé&é!%é%ﬁre hasefni ques for poly(ethylene
terephthalate) filmthat can be used with the present

i nvents gpeddreseini & qrodyaer lawrpmam%mdh@mﬁﬁéaﬁ polymer composition

éorglleh ?%n? gull\l%l met%7c(i) Pl(ﬁln)f e glak Is sultz?b&? a one R ?r? §lks of more
Inventron’ can al'so i nc oat an

thahichethykaY&iuse as aﬂl’rﬂeﬂ@?@tﬂﬂhat proﬁides @dehuatE’@aYd‘tﬁBohPe%E&nce and
The foll ow ng section describes the various materia

slaghregeatipn Pyppgitiey o lamigated glazipg aﬁneéSanPlagl%@édPO%yéVlf%lrbﬂtyral> is
Hl%'syés%{m&ﬂyﬁge% ot folpRSRLrs! NVeNtion conprising the

tungste
As used herein, “resin” refers to the polymeric (for example poly(vinyl butyral))

component that is removed from the mixture that results from the acid catalysis and
subsequent neutralization of the polymeric precursors. Resin will generally have other
components in addition to the polymer, such as acetates, salts, and alcohols. As used
herein, “melt” refers to a melted mixture of resin with a plasticizer and, optionally, other
additives. Components can be measured in parts per hundred resin parts, or “phr”. As
used herein parts per hundred resin (phr) parts, on a weight per weight basis. For
example, if 30 grams of plasticizer is added to 100 grams of polymer resin, then the
plasticizer content of the resulting plasticized polymer would be 30 phr.

The polymer layers of the present invention can comprise any suitable polymer,
and, in a preferred embodiment, as exemplified above, the polymer layer comprises
poly(vinyl butyral). In any of the embodiments of the present invention given herein that

comprise poly(vinyl butyral) as the polymeric component of the polymer layer, another
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oxi de agent described el sewhere herein. As used

herein, a "polyner |ayer" neans any thernoplastic
w@loymaEsoconposi ti on fornmed by any suitabl e nep¢ibusions/ar1527

a thin layer that is suitable alone, or in stacks of

nore than one layer, for use as an interlayer that

provides adequate penetration resistance and glass

bGP RO BB ot Ryt AR SornPBel hoRRaIs cont

éﬁeﬁt@ll@o@?b%ﬁyﬂ AYRAE.: [\ he4SQAbRBMBALS, any o8 dVaria8b 8 i
to the ynmeric (for exanple poly(V|nyI butyral)

Mmﬁemt:hlﬁmtpms@crzemd@domdqunh earrﬁmxmaqd evithrthe po?ymer layer
216VSiU| 5 S’olf hem C(gnhs1e s Io orC g tnasl{s 1SI g’ssgn RINAS grl(lw | but ral)
AEUPS APP YR SHGFNERE o precgrsgr ResTHY Wit |
gener m bne dﬁﬂ:&tﬁhrﬁéﬂteﬂle @@mﬁwﬂ mgteﬁccbrﬁp@@a b tpbBifiner @aieﬁﬁ‘)n partially
pol such as acetates, salts, and al cohols. As

125@ p@l,yhvmylﬁgqoﬁl@l)? e]neqngthlebelab%mega the; Bgly}p@ layer comprises a
fn%r Wi e P Bhafd | 1%\15 @Bn g of Bly ll‘tXltyrQl tl%'i (vinyl chloride),
b3 hder BaliFd P

It1ves. mponemnt s can

belghtiedeneesi-vinpladcette) gyoly (pfhlyle.neAS dﬂl@&dcﬂymtﬁl, ra)npmbtsSDf partially
rts,

%ﬁa&zqu-ﬁﬁ%éﬁgfvbﬂft€>acwﬂlc S69GP R TF ?SBF%Ié%g SenFerirars tbono,
paded yieRe, HOR cayadR c%fml@ﬁfei/snﬁ&yﬁﬁﬁiaﬂe 5r%&(&§@oheéanedlmethylene

plasticizer coritent of the resulting plrasti'ci ze
po¢phtedatevocHethybme 3@ epiihalat®heopobieyieer In ayiensemboditments, the

GRS oot PP nt T DR AR e L PoRdrShiir o2 KBbue -

b (PR 13RS in Y1 A¥ A tef, DMREMB RS O thekbNYIh Rkhat edlbbdinhdhts the
any of the enbodi nents of the present invention given

h@lwmehlatyhraqormmm p@lé(vyml yptywaig/ando@ne;ﬂranqre ather pelymers. Other

c. conponegnt
E&éﬁ eresrhgr\{bn %lta €. glass tra1i1s1t(1f§) teX%)er ureﬁar% .ii,]lso be Psed In any of the

CRAPA IR In GO %i(ﬁltlﬁei@fre@fan(gesl’l shiRkS aﬁ&@ﬁﬁietlﬁkib yrecgﬁven specifically
olyg¥|nyl butyral). In these enbodinents, any of the
OB Yighkbytyra dfﬂrteweele IV iU §rpragen.ifer plagtigizers, component

Eé:rﬁ&lt @dthn: flgsjs& ﬁﬁ]c}ﬁ?aclﬂé%gc %ﬁz{hd eadaﬁ V)é% {hogéaYa%%es also apply,

avi ng a po yner COﬂSIStlng of or consi st
wﬁeﬁ:mtpphstdbje @f thp @khet polyylerdarndypohymer Hlends ridgscirybdhiéraimrs useful

%£$P$§P ano %%eaﬂggﬁprlses a pol yner based on

For embodiments comprising poly(vinyl butyral), the poly(vinyl butyral) can be
produced by known acetalization processes, as are known to those skilled in the art (see,
for example, U.S. Patents 2,282,057 and 2,282,026). In one embodiment, the solvent
method described in Vinyl Acetal Polymers, in Encyclopedia of Polymer Science &
Technology, 3" edition, Volume 8, pages 381-399, by B.E. Wade (2003) can be used. In
another embodiment, the aqueous method described therein can be used. Poly(vinyl
butyral) is commercially available in various forms from, for example, Solutia Inc., St.
Louis, Missouri as Butvar™ resin.

In various embodiments, the polymer layer resin comprising poly(vinyl butyral)
comprises 10 to 35 weight percent (wt. %) hydroxyl groups calculated as poly(vinyl
alcohol), 13 to 30 wt. % hydroxyl groups calculated as poly(vinyl alcohol), or 15 to 22
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acetal i zed poly(vinyl alcohol)s. In another
enbodi nent, the pol yner |ayer conprises a pol yner

W@ 2000020806 f r om t he group consisting of poly(viPgI/US2008/071527

butyral), poly(vinyl chloride), poly(ethylene-co-vinyl
acetate), poly(ethylene-co-ethyl acrylate), iononers
of partially neutralized ethylene/(neth)acrylic acid

C I r (such a urlyn(r) fr Po , .

SIS bl St sl P b natvagras resin can
fko @&h?ﬁ&ﬂ@is‘ﬁﬁ%ﬁf‘%@'%@ésﬂdaﬁ&@er groups, 13 wt. %, 11 wt. %, 9 wt. %, 7 wt.
tereph hal at e- co- et hyl ene terephthalate) copolyester

P Swelr oo U lesilendi reht% resuhlel fgﬁ@ﬂrﬁﬁ@rpsmavghte@mplwwl acetate,
tlln)ﬁge b rf%nce i%u nézaglta%étfllo era p ra figl%o |d)¥(a\éetgly Lut optionally

e Vi n

ﬁﬁltﬂhﬂgadthﬁ%eﬁahgfoapff in al MinfoH Eufnb@ﬂit frbeghprend 3-ethy€hexanal group
Eg er conpri ses poI (V|nyI butyral) and one or
?ébbfﬁ%ﬁ %6¥§d%¥§“5éﬁﬁé% ol yners having a suitable

gl assyfJ ARGl Efn%@%&%%e{h%ﬁ)‘d \/ﬁn&ﬁ‘é’yg?g@gpﬁsgea ‘ﬁ?s%iggl%&\%l) having

of the sections herelh
v alales]ar aridhont ket OO0 24200, $@008,FSc000; 6aDIY; 65@M00, 70,000,

P00 e RoR At Brdiabh by ST eek i o s dosoae Smal

ﬁﬁﬂn%ﬁ@@@@@&ald@ﬂﬁecd}Qﬁﬁgélﬁrdb $hi 6680 a{ﬂc@drlﬁmﬁg Qe dc\é%?&atlon step to
those ranges also apply, "where appli cabl

orchmse ploleytﬂar wemhdtopw leased5S 01 0rmdmo ki (s, ﬁzreadaMQ}BeUrS aPstents

S CRIPERD 03 b ol ) P51 BsabR0 SRy B Fnoicuta

Retoibahankahe Weighi SRKEBMdYcUiavigiacet al i zat i on

processes, as are known to those skllled in the art

( S ee Vﬁ@pu@d@ﬁfpp@wm@ag@é& eatbs e gopaigmeidayers of the present
ERFrb Bt iR RERRE R kPR s BRI o

Bhioy #%im S@ltsetﬁ@tﬁ:a& beéashin@ith these nBodthichis @i the\fﬁl:%ﬁﬁlnsentlon

pages 381-399, by B.E. Wade (2003) can be_use

HiGBIR Shut @payesdili to,tth@seaiq%&e% thbatcaed ¢#3- ﬂ)’é’d ch as

%:I%g]éhﬂn geﬁlyﬁ?vgﬁl% 1519 !n}'(,{o\t’lhyt}é,l mP8eXiui] 31 Samm?bernzoate),

rcia In various T1orns
examgsien dS(:Sl hiydrax-2mapthSite), bodimgnddies d)Ls(l -ethgl butyrate)(chemical
z?lgjsttr\éars S1t rrlrliberr ’?939i95—'76—0). In various embodiments of the present invention the
magnesium salt is magnesium bis(2-ethyl butyrate).

Other additives may be incorporated into the polymer layer to enhance its
performance in a final product. Such additives include, but are not limited to, dyes,
pigments, stabilizers (e.g., ultraviolet stabilizers), antioxidants, antiblock agents,
additional IR absorbers, flame retardants, combinations of the foregoing additives, and
the like, as are known in the art.

In various embodiments of polymer layers of the present invention, the polymer
layers can comprise 20 to 60, 25 to 60, 20 to 80, 10 to 70, or 10 to 100 parts plasticizer
phr. Of course other quantities can be used as is appropriate for the particular

application. In some embodiments, the plasticizer has a hydrocarbon segment of fewer

than 20, fewer than 15, fewer than 12, or fewer than 10 carbon atoms. The amount of
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In various enbodi nents, the polymer |ayer resin
conprising poly(vinyl butyral) conprises 10 to 35

wawedoglosper cent (w. % hydroxyl groups cal cul BEBUS288/071527

pol y(vi nyl alcohol), 13 to 30 w. % hydroxyl groups
cal cul ated as pol y(vinyl alcohol), or 15 to 22wt .
ohydr oxyl groups cal cul ated as pol y(vinyl alcohol).

TG e SE g 2 R SO o) i

Batyial Wayer¥oIn ettral, Rah&@anl 288 Ifp@Rtidiz¥ are ¥8de@sh db@base the T,
ger gr oups cal cul at ed aszggg¥V|nyl acetate, with the
r

bal anéay beitaie Blﬁstm@rsman be @kth‘yp@luﬁw gisthsloy the present
acet al u | ona I nchuding, ot:her acetal, gr gups
}nr\{entlorrrll 1ﬁl é)rréear?r(gén ymer n_a/ IS. szrﬁ ulse 1 thé% @yt%er layers of

Pequ@ehsi@eentioalca ert[(lﬂe%steicd db.a ﬂ%&ﬁ‘tﬁt@i‘c a51.d10'37a B¥bdydrit Alcohol,
vari ous enbodi ments, the qﬁyner | ayer conprises

POPYE otheyl Swilele alapticiesss ingludentor sxamale. tethylene alycpbdis@-
N Y p—

]:a:ﬁtaetl’[pleﬁe glgcoindikepoanobel dihesyl .adipael Hioqyandipttegexef  a
GR<BRER 7 Apr B T OE LB HINELT af MABPH o ca peptyinony]

Ll@lgﬁE cﬁ@&yp&@a&ﬁ%bﬁrn{eﬁ%gﬂasﬁgﬁeﬁ %8EWPAEhe bh1Snod ﬁédef@iﬁcm alkyds,
02, 4647 4,874 14,529; and, 4,654,179).

oegdreh ef phosphatheartdadpdtessiuelr ad @sclmmdgtntU S ri@ari‘éo t3r&2,41 890,

V\%I}}%F%Wacﬁe ! a%glogﬁ‘gjrfec[z gaéaémﬁlp ﬂf ?JAOL‘ %/ﬁ?é PICI)C?J %;gt?lge% 8131(? {r:]%rgbinations of

HeasRBbink N'ORR pPARticiz&16 It cREbS R e AGRHaAH atcR @IS FHoMT, to Co
acetate, and magnesium salts. Magnesium salts that can

pllsy Ldeahol and th@s@ térﬁweﬂpﬁ@i@ @ giscloed lgir[é§eﬂf!t No. 5,013,779, and

g Yoe acﬁn té: Qscigsssuc%a 7%y'i gdq?gttg ffﬁfémous eer:))odlments the Iplastlclzer

Suc

ﬁ@:ldllﬁl aihaiﬁ adipagnesejdimticthgiehd figtd diTagngbdxdidate.
d| (2-am nobenzoate), nmagnesi um

3Th§/a@1ass<\9n>é bﬁb}ﬁelh B%.ltyal)er Phaséicigely ARG phddditees cwt b thermally
@H)tcégs@& gad nﬁﬂg—&hf‘e@lmﬂg Jtma&ﬁfmﬁé to7rggtﬁgds7lglogx)n tolthose of

ari ous e ment s O t he present” 1 nventl on
omijees skithis &letart. VMg epil uryniztisdDbf Edtmyihg Ialpbyy{(ﬁhgl) butyral) layer

comprises extruding molten poly(vinyl butyral) comprising resin, plasticizer, and
additives by forcing the melt through a die (for example, a die having an opening that is
substantially greater in one dimension than in a perpendicular dimension). Another
exemplary method of forming a poly(vinyl butyral) layer comprises casting a melt from a
die onto a roller, solidifying the resin, and subsequently removing the solidified resin as a
sheet. In various embodiments, the polymer layers can have thicknesses of, for example,
0.1 to 2.5 millimeters, 0.2 to 2.0 millimeters, 0.25 to 1.75 millimeters, and 0.3 to 1.5
millimeters.

For each embodiment described above comprising a glass layer, another
embodiment exists, where suitable, wherein a non-glass glazing type material is used in
place of the glass. Examples of such glazing layers include rigid plastics having a high

glass transition temperature, for example above 60°C or 70°C, for example

11



10

15

20

25

30

O her additives may be incorporated into the polyner
| ayer to enhance its performance in a final product.

W@E@b/02806é t i ves i nclude, but are not |imted tRPCT/Uy™88/071527

pi gnments, stabilizers (e.g., ultraviolet stabilizers),
anti oxi dants, antiblock agents, additional IR
absorbers, flane retardants, conbinations of the

f i dgi t | dt ik ! k .in.th
relycatponidhsing molval) metarm gy anbirsRlicaflgiorehting figm 1 to 3
@Jrg&eabrﬂsmlygﬁtaﬁm,m&ag pol ymer | ayers can conprise 20

to 60, 25 to 60,” 20 t0 80, 10 to 70, or 10 to 100
par t s ApoaselpdddziarthppresenOinvenigrsare stahles orgaln el anyexd thepelymer

Beelil'sl.sé% %&grléy%fsaﬁﬁfgg{else% i fer?trio t&%cl?%rdthlecelilrll ?nr any_combination.
aﬁfplcalon. n so enpodi nents, e plasticlzer as

a hydrae prebai isegn®nils®inchrleeviidinel R Owirddews! andhalier EHaished
fewer than 12, or fewer than 10 carbon atons. The
apinaPrafusissepEisngany ghthsdntgelpxest eldthe presertderentipe

gl ass A . i :
Bt yr a5 B ek SRR AL EabA0ke Abnde BB, HicHlaJhs and glozing
plredt dobiz Bingafbammd dednttdayde or glasiag tpheel Bf theAmyseauinvahloa using

| asticizers can be added to the pol yner resins of the
o At _P?W@ﬁf%ym q_?ﬁheowrawt PSRBT | ayers.
Pl ast \6}i2&f sol & dald? ahr RRYiKAEE oladY@agachdristiBEad RSRMing

i nvention can include esters of a polybasic acid or a
mohyihyeiridl reivclothddserikavidioguet high the pBesenaibiention.

pl asticizers include, for exanple, triethylene glycol .

d! ( ZJIﬁ%éﬂg}fyb?fﬁWH]@g)d glzisls IC%]inR n‘%{g%g pa{y%e(s Fz}/yer, &n Be d€@imined by
Headudmetihyh e XaneakBith i 4 {@ihfyitans &livcQhttered light by a sample in
di hept anoate, tetraethylene glycol diheptanoate,

eortieagi/tio telingisient light.o Ehe/pergefit hazeecantigpytasured according to the
| ohexyl adi pate, m xtures of he [ _an nyl
B e ANE oAb SRR oY R S4RE p prazemerer,
Nidael PP 5. setiac ataeailypdd somrHente ASbiiaied ER& &GN )adart thrcused in
oi | -nodi fi ed sebacic al kégs, m xt ures of phosphates
(65

gﬁﬁ:@rdé@gpebgitg ASIMP 1993 il B Ve 197 3-Preegdureng, using Illuminant C,
200 o e g5, LSS o
paragdiangis 1€k iean 39 dsdsithinz®hosartdats thanl%e used are

T e R, b O e GGt TR0 e, nd
NﬁereS‘pgﬂﬁlCYqﬁ refe€d to herein to quantify adhesion of a polymer layer to glass, the
following technique is used to determine pummel. Two-ply glass laminate samples are
prepared with standard autoclave lamination conditions. The laminates are cooled to
about -17°C (0°F) and manually pummeled with a hammer to break the glass. All
broken glass that is not adhered to the poly(vinyl butyral) layer is then removed, and the
amount of glass left adhered to the poly(vinyl butyral) layer is visually compared with a
set of standards. The standards correspond to a scale in which varying degrees of glass
remain adhered to the poly(vinyl butyral) layer. In particular, at a pummel standard of
zero, no glass is left adhered to the poly(vinyl butyral) layer. At a pummel standard of
10, 100% of the glass remains adhered to the poly(vinyl butyral) layer. For laminated

glass panels of the present invention, various embodiments have a pummel of at least 3,
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wa@eaioparwsoand/ or triethylene glycol di

CO to C adi pate esters, such as hexyl
vari ous enbodi nents, the plasticizer

adi pate. In

used i s dihexyl

-2 et hyl heREESD$071527
The poly(vinyl butyral) polymer, plasticizer, and any
additives can be thermally processed and confi gured

into sheet form according to nethods known to those of

ordi n skill in the t ..One exenpl ary net hod

Rt St asisbtyit st o 50y PArey Sy G kaBi i F S @dme? beoween 8 and
extinaldding nol ten pol y(vinyl butyral) conprising resin,

pl asticizer, and additives by forcing the nelt through

a di eTh¢ oyellowvanysliadexy of ia@owrﬁ@eaﬂammmwrwomm to the
%ongt anttrla‘;jllI pla eng Fner?gc‘ihegirdés S o?ﬁﬁlaftnheﬁal}:elg( gnnpttglrc)g Vth?%)%no%th
POl erig s@rfeib@b yv@whrhyé ed@aﬁtmnlglp)adeaﬁe rpafaump ateafeﬁn&asrhengdex is
anelt froma die onto a rol solidif

measured %ﬁqardé%@eﬁ%wwh%ﬁok?ﬂﬁg”Sttﬁvéiagbﬁsa N?qﬂ&si foe eHowness
AR o DB hon ot Gk R RIRA TERY Gyng RPN RE st Bicirum.
Wialules Hﬁetoermcted) t?1 t:m tRicRnayk hklngﬁteamﬁ”cd fpe2bndnathickid&ss. In various

Ilneter and 0.3 to. 1.5 I 1imeters. For each
%%E%mﬁgﬁt HhesupIeBElVENiRTed Bgiﬁ‘ﬁﬁf LvRgCan lvaagellaysss index of 12
RtNen oLTROY: BRPteeXi Sts, where suitable, wherein a
non-gl ass gl'azing type material is used in place of
the gl ass. Exanpl es of such glazing |layers include
Eg%ﬁg g# stics having a high glass transition

P for exanpl e above 6Q0C or 7Q0C, for

Ex@ﬁpkqpolycarbonates and pol yal kyl nethacryl ates, and

specifically those having from1l to 3 carbon atons in
t he aPkyean r@ftr;layeps 3o praveraddesingrp thwénfms @6 8P millimeters (30 mils), 38
i)lgrvtglrgsl f%:rr]la g{yci)lsblf )—/eerl\(éfle)%an?zﬁg) ﬁasélgcg SFan nIt/en n?oun)(snefrCsWO3, Tinuvin

32&% Toass6h 6l mirdderanynia® n’@htrs@ttiﬂozar) Iﬁtemg@@anﬁ bis(2-ethylbutyrate)
i nvention al so includes w ndshields, w ndows, and

dfratedrip Jiakledel aggd 2r2ilHpingied bgtvresn éwﬁﬁhereéﬁ offlemiglasy t he

| nter rayen sy [ %hRﬂfeﬁﬁgﬁslﬁnglggﬁ trPRmicldAge gﬁ&?ﬁ“& Final Tv -

i nvention inc es SO acturln

Trriti r']IVaylﬁGISex@ndlrg kazltmgiolet radiation in a weatherometer for 500 hours. The
weatherometer is a model Xenon Arc Atlas Ci65 (Atlas Material Testing Technology
LLC, Chicago, Illinois) operating with the following settings: irradiance, 0.55 W/m?;
black panel temp 70°C; water spray, none; filters — inner, quartz; and, filters — outer,

borosilicate (type S).

Table 1
CSWOS Tinuvin 328° Tinuvin 622° Maffi?if“m
Wf;/loght Weight % Weight % ethylbutyrate) Delta Tv (%)
Weight %
° 0 1.16 0 e
0.3 0 0 0 -42.8
0.3 0 0 0.037 773
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panel of the present invention using any of the
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herein. Various polynmer |ayer and/or |am nated gl ass

characteristics and neasuring techniques will now be
described for use with the present invention. The
ol o - o L I I

canf b&.3letler m ned0 by meaguri ng.lche haze vab3®, wHich -21.3
IS uant[ir frcatTom of tHe scattered (T gt by a Sanpre
in Fozy}ast to the incidgnt Iﬁﬁ%t. The péh@git hgze 248
canlbq)ymesured @g¢gordind to the folljow ngotechnifque. ¢
An ppparatius—for—reasuriHg—t-heampuntlof haze—a :
Hazkmétder,| Model 0.B25, whilch i d.1&vail gbl e 9.08m Hurft er -4.6
Ass LTSt OL, VAL, A T oeeg e aeeoroanee
with ASTM D1003-61 (Re-approved 1977)-Procedure A,
using Illumnant C, at an observer angle of 2 degrees.
Fragelei2ous enbodi ments of the present invention,

per cent dl'%ﬁ&lh L eRImMENAViRS ti8SRsd Sy Bl ils), 38 ph
than 1% unneﬁxédhesion é&% éé measur ed acéOrdfngﬁﬁgIQ’ Pt
trheehylotel dysioh bist 2 cthmihgueroathlaviiezes, 0. pifTvedightipsrcent CsWOs, 0.046

referred tq,herein.to ant i f dhesi an of a pol r. ®

MaH Peigery s PR Rty dted e vgUes anQhuBoR fhtvin 326° as
SRV I TIB 1P R ks lari¥ndd Bet@édSEvol sRB 0 8t Be S UM e Pell T is measured as
prepared with standard autoclave | am nation

volpdinplods. The | aminates are cool ed to about -17C

(O0F) and manually pummel ed with a hamrer to break the

glass. All broken glass that is not adhered to the

pol y(vinyl butyral) l|ayer isradbhen renoved, and the

anmount of gla . '

butyral) |ajyer ig¢ % sHahly3gempar
st andar ds. he andard arresna

ed W pharset o

whi ch varyi rees @f glass re
pol y(vi nyl ayetr—HT——pa

standard of Jzero, no Ql&ss is |ef
pol y(vi nyl

ass renkihs adher ed
100% of thejgl ass re s adhered
butyral) Ia*er. For I@m nat ed

By virtue of the present invention, it is now possible to provide interlayers, such
as poly(vinyl butyral) interlayers, with a tungsten oxide agent having improved optical
characteristics without an unacceptable reduction in optical quality over time.

While the invention has been described with reference to exemplary
embodiments, it will be understood by those skilled in the art that various changes may
be made and equivalents may be substituted for elements thereof without departing from
the scope of the invention. In addition, many modifications may be made to adapt a
particular situation or material to the teachings of the invention without departing from
the essential scope thereof. Therefore, it is intended that the invention not be limited to

the particular embodiments disclosed as the best mode contemplated for carrying out this
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gl ass panels of the present invention, various
enbodi nents have a pumel of at |east 3,at |east 5, at

WO ewe2@96 at | east 9, or 10. O her enbodi nent SPCEHUS2088/071527
punmel between 8 and 10, inclusive. The "yel | owness
i ndex" of a polyner |ayer can be neasured according to
the fol |l ow ng: transparent nol ded di sks of polyner

er 1 C ng. snpot h poI rfac
i Sror e ol davanfon Bt REREk Gt Glfitensia e scope of
&Qa,baggachﬁnyeasured accordi ng to ASTM nethod D 1925,
Standard Test Method for Yell owness | ndex of '
Pl ast Itogtl thitkanbs padesioph thap ary of the ranghs, velughmicharagieastics given
t I atng glnvis’f:sclgglilpﬁ)ag’ meé)gélaerprpas ? XA uestl ar%%H %g r&l:s]egcfs: it eg?ﬁa%gélabfy with any

Ve ER WaluedTioe eharenéisstiol givee fcﬁra(ﬁ§ @ thel JIN&RLINPBRends of the invention,
pol ymer Iager can have a yel | owness index of 12 or

w@g@ compatible; tederm gp e@b@@mea@@awr@éﬂtms Salpgaiep eachiof the

SRR, T el B BB CPE S By B BPSe formed
gcbryprﬁ)ding)ii an2sten byidh axan daim) ofthasiniged gieen 1naara1d1ttdi’neo comprising
unt s of Ti nuvi n 328(r Tinuvin 622(r)

H ARfLAFE D AW %V\% FHReS SVebiTicret ro;g}%e %B}%P pe(rmutatlons that
BleSfidiR v hst ¥ it t)esérfﬂ %x%ﬁﬁ@lg HubthheRbeldbe cﬁﬁﬂieﬁf)ﬁte to list.

[ 'am nat ed bet ween mo sheets of clear glass. Tab
shows Ank digoteartpecrica nuinbeits| geveni wgithin threaabs radttoa mx}eclém are for

T ft t . . .
(v FasireqiiarorFagny ehg Vgt}ra%:&)ﬁé itat A g Claiped invention to

BQUSe pakil@ WA RER kBSwit f gd. Xenon Arc Atlas
Ci'65 Atlas Mat eri al Testlng nol ogy LLC, Chicago,

[11in 1g§)esaﬁen<§tdrwgn {6l schletumiess gthr‘wmgldgf@teﬁr ngs:
ISH ZS!E norﬁgerer)fce1 1thYuH%g Journg.:l arf] 8 Ipflten{rp apé)@?%qnts an% books,
i redd, to bl@fdﬂ$is|heﬁeﬁiyen<{dry¢1€t68):)y r@f%ﬂ’]n@e iExanpirey 2
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A polymer layer is formed having a thickness of 0.76
mllimeters (30 mls), 38 phr triethylene glycol

whe@oamsvhyl hexanoate) plasticizer, 0.05% wei gh€T/US2008/071527

percent CsWO , 0.046 wei ght percent Magnesi um
bi s(2-ethyl butyrate), and various anounts of Tinuvin
326(r) as shown in Table 2, and is | am nated between
&&? sheets of clear glass. Delta Tv is nmeasured a in
Pb 1. Table 2 By virtue of the present invention,
it is now possible to provide interlayers, such as
poly(vinyl butyral) interlayers, with a tungsten oxide
&g énntinhdv'méon yrprine ethliogle layar gl@ﬁaga@u@rismgt Cs Wi t hout
an unglcc ?l &, %lr'leqt Isacfcri1 I P oegia er c uri‘rjlsleI t n2¥&h oxide agent and
time. @ﬁ invent i on PRas W& R &
cigteg ﬁemeclﬂ@haaxlegmbafzystrﬁm@@kwhsnultﬁzawm |nhetzﬂ%alt or both a
understood by those skilled in the art that various
BRiasgedaing henaeidazls grosgand amedtiwlepyngsd salkbst i t ut ed
for elenments thereof w thout departing fromthe scope
of the invention. In addition, many nodifications may
be Thadredayeanoagitinal pelici¢ia whid pobintdr ddyieo norapriser DeXlitall.(G weight
the teachings of the invention w thout departing from
Pﬂﬁmg§§é%?“Hﬁ5@885§w@ﬁ@Feof Therefore, it is intended
that the invention not be [imted to the particul ar
enbodi ments di scl osed as the best node contenpl at ed
BoiThe arterydyagoioaitint hivehensie midcbmngswndmide;aagemthe désouibert bythe

tnern ST full wFaF LI TR B b ot Sk RuGESE B8Ry

hiktBtho ¥ Yes&fibddnsy th@?aféﬁal @ UEM, WJO, Goh@&eam ihh Slnfedit selected
?lven for any single conponent "of’ the resent
T}

ﬁﬁ@ﬂtﬂ@rﬁll@élﬁn@élsu@b@merﬂaéh O aISHSAr i enala,ngr%rn §eshn, Fe,
al ye [ t r| ti,cs | f he o
KT PSSR A b B S SO Shp Fom

8!’1863 B otk, e b MMBQTQ el wedd tnadsuds Ofio bx%ﬁiharﬁﬂf satibf§ing
onents, as given herein throughout. For exanple, a

BQp ﬁ@y<1g?ﬁ42@éﬁW§é0forned conprising a tungsten

oxi de agent in any of the ranges given in addition to
conpri sing

4. The interlayer of claim 1, wherein said tungsten oxide is present in an amount

sufficient to block 70% to 95% of near infrared light.

5. The interlayer of claim 1, where said polymer layer comprises a molecule having a

benzotriazole group.

6. The interlayer of claim 1, wherein said multivalent metal salt is magnesium bis(2-

ethylbutyrate).

7. The interlayer of claim 1, wherein said polymer layer comprises both a molecule

having a benzotriazole group and magnesium bis(2-ethylbutyrate).
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pl asticizer in any of the ranges given, where
appropriate, to formmany pernutations that are within

wo b@saspe of the present invention, but that MUUS2008071527

cunbersonme to list. Any figure reference nunbers given
within the abstract or any clains are for illustrative
purposes only and shoul d not be construed to limt the

hnvent i an rticular e t
STk ortg b i SaE Bt e RRTRGrEERk roup has the
ualcassal @iheaW se i ndi cated. Each reference, including
journal articles, patents, applications, and boogks,
referred to herein is hereby incopporated/ Dy refE? ence
inits entirety.We claim 1,5An inteNaygr for use in
a multiple | ayer glazing, comprising: oolyner | ayer,
wherein said pol yner '

said tungste e '

1, wherein said tungsten oxi de agent

the general formula WOz, where Wis

oxygen, and satisfying 2. 0<z/y<3hOC

descri bed by the general formnula NMVWCZ where M |§ an

el ement selected fromH, He, alkali netals,

al kaline-earth netals, rare-earth netals, My, Zr, Cr

fh Tthteeryer &iclaiRh], WiereilNisaid Rebled@le hdting AbenzAttiazdle,group has the
In, TI, Si, G, Sn, Pb, Sb, B, F, P, S

§€m“3ﬂibﬁéumTl, Nb, V, Mo, Ta, Re, Wis tungsten, Ois

oxygen, and satisfying O Od x/yl.O and 2.0<z/g¢xR3. 0. 4.

The interlayer of claim1, wherein saf! unggt en oxi de

is present in an anmount sufficienipto blo 70% to 95%

of near infrared |ight.

Ois

Cl

CHs

10. The interlayer of claim 1, wherein said polymer layer comprises poly(vinyl butyral).

11. A multiple layer glazing panel, comprising:

a sheet of glass; and,

an interlayer in contact with said sheet of glass, where said interlayer comprises:

a polymer layer, wherein said polymer layer comprises a tungsten oxide agent and
either a molecule having a benzotriazole group, a multivalent metal salt, or both

benzotriazole and a multivalent metal salt.
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5. The interlayer of claim1l1, where said polyner |ayer
conprises a nol ecul e having a benzotri azol e group. 6.

wab@joenses | ayer of claim 1, wherein said nultiRal/E81008/071527

metal salt is magnesium bis(2- ethylbutyrate). 7. The
interlayer of claim1l, wherein said polyner |ayer
conprises both a nol ecul e having a benzotriazol e group
and magnesi um bi s(2-ethyl butyrate).8. The interl ayer
of claim1, wherein said nolecule having a
bENTRS pARE6t Qait] PURVIRASH khe p_§Iy'iﬂé@!la§E:§borﬁpﬁM bay1 t8-1.0W&ght
interlayer of claim1, wherein said nol ecule having a
paraotttof said tungsign oufsleragentt he structural fornula: 10.
The interlayer of claim1, wherein said polynmer |ayer
conprises poly(vinyl butyral). 11. A nmultiple |ayer
03 .aThégareadedlaint DNWWHeSdif Giid durplRBlox tfe agb@S S desaiiBed Bthe general
interl\%\{yer in contact with said sheet of glass, where

b

famyls Wy @r veipes WoisipgssasO inopmeynind spasfaing 2frer i3, and those

[ r [ t '
SE oL e N FONRAL 30, L RERL SN S e R o .
afithli imeadl € atkaiie¢-ahrtismetals, are-batihmbeiz Mg, iZaz0t, dMmaid, Ru, Co, Rh, Ir,

L PR e, Bl bt 1y G 1eofin 86550, % SPobal . 5. Se. Br. Te,

P INHI by, RES, GeNRe Of i$ ?thl%stteﬂ,r@%t , g@ff,i A8 s9Eihg 03(5@)'151/‘3‘7%1.0 and
panel of claim 11, wherein said tungsten oxide agent

29<dlgssOi bed by the general fornmula WOz, where Wis
tungsten, O is oxygen, and satisfying 2.0<z/y<3.0, and
t hose described by the general fornmula MKkWOz where M

15, ¥he PARIBNEiSE] EGHRELA kMR estdR oxRlek@plesdlR iRhiBamount sufficient
al kaline-earth netals, rare-earth netals, My, Zr, Cr,

wrblogie70R0 9%, of RRar ipfrarefjlighted, Pt, Cu, Ag, Au, Zn,

Cd, Al, G, In, TlI, S, G, Sn, Pb, Sh, B, F, P, S

Se, Br, Te, Ti, No, V, Mo, Ta, Re, Wis tungsten, Ois
Xy Pedpar@nel Saifi Sf,yHege £2idpblxmyt laGkadd@hnprises a molecule having a

benzotriazole group.

16. The panel of claim 11, wherein said multivalent metal salt comprises magnesium

bis(2-ethylbutyrate).

17. The panel of claim 11, wherein said polymer layer comprises both a molecule having

a benzotriazole group and magnesium bis(2-ethylbutyrate).

18. The panel of claim 11, wherein said molecule having a benzotriazole group has the

structural formula:
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2.0<z/y<3.0. 14. The panel of claim11l, wherein said
tungsten oxide is present in an anount sufficient to

WhL@ek208000t 0 95% of near infrared |ight. 15. A¢CEURANEN71527

of claim 11, where said polynmer |ayer conprises a
nol ecul e having a benzotriazole group. 16. The pane
of claim1ll, wherein said nmultivalent netal salt
conprises magnesi um bi s(2-ethylbutyrate). 17. Thg
panel of claim11l, wherein said psgigurer |A4dyer 3
conprises both a nol ecul e hawi ng a bengzotfri azol e group

he panel of
a benzotri azol e
of

19. The panel of claim 11, wherein said molecule having a benzotriazole group has the
structural formula:
HaC CHs
HO
CHj

Cl
CHj

20. The panel of claim 11, wherein said polymer layer comprises poly(vinyl butyral).
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